



Effects of diets with soybean meal on the growth, digestibility, Phosphorus and Nitrogen 
excretion of juvenile rainbow trout Oncorhynchus mykiss
Efectos de dietas con harina de soya en el crecimiento, digestibilidad, excreción de fósforo y 
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2002).	 The	 use	 of	 plant	 meals	 has	 been	 suggested	 as	 an	 alter-
native	 to	 fishmeal:	 they	are	cheaper,	 readily	available	and	 their	
phosphorus	content	is	lower	than	that	of	fishmeal	(Dalsgaard	et 





as	 partial	 substitute	 of	 fishmeal	 has	 been	 reported	 for	 several	
species	of	fish	(Fowler,	1980;	Olli	et al.,1989;	Arnesen	et al., 1989;	











the	 potential	 to	 improve	 digestibility	 of	 nutrients	 for	 aquatic	 or-
ganisms	(Cheng	&	Hardy,	2003).
The	use	of	soybean	and	phytase	in	rainbow	trout	(Oncorhyn-
cus mykiss Walbaum,	 1792)	 has	 been	 reported	 by	 Cheng	 and	
Hardy	(2003),	who	found	that	inclusion	of	phytase	increased	the	
apparent	digestibility	coefficients	of	crude	protein	and	minerals	
of	 diet	 prepared	 with	 full-fat	 soybean	 meal.	 Cheng	 et al.	 (2004)	
reported	 that	 the	apparent	digestibility	of	crude	protein	of	diets	
prepared	with	soybean	meal	in	rainbow	trout	juveniles	increased	









erations	 (Bureau	&	Cho,	1999).	Thus,	 the	aim	of	 the	present	 re-




Test fish and test diets. Rainbow	trout,	Oncorhynchus mykiss,	of	














Productos	 Naturales,	 S.A.	 de	 C.V.,	 Mérida,	 Mexico)	 were	 used	




C.V.,	 Guadalajara,	 Mexico)	 and	 wheat	 gluten	 as	 binder	 (Sigma	
Aldrich	Co.,	St.	Louis,	MO,	USA),	were	used.	α-cellulose	(Sigma	
Aldrich	Co.,	St.	Louis,	MO,	USA)	was	added	as	filler	up	to	100%.	
Three	 of	 the	 four	 experimental	 diets	 (substitution	 of	 50,	 75	 and	
100%,	 Soy1,	 Soy2	 and	 Soy3)	 included	 0.8	 g	 of	 phytase	 (Phytase	






Diets	 were	 prepared	 according	 to	 Hernández	 et al.	 (2004):	















each	 day	 the	 respective	 diet	 at	 7%	 of	 the	 body	 weight	 and	 the	
daily	ration	was	divided	into	two	equal	feedings	at	800	and	1500	
h.	The	juveniles	were	weighed	every	10	days	and	the	ration	size	
was	 adjusted	 accordingly.	 Dead	 fish	 were	 not	 replaced	 during	
the	experiment.	Thirty	minutes	after	feeding,	the	remaining	feed	
was	removed	and	quantified	for	measurement	of	the	diet	 intake	














Digestibility determination. The	 apparent	 digestibility	 coef-







of	perchloric	 acid	 and	 nitric	 acid	 at	 250	 °C.	 Chromic	 oxide	was	
quantified	with	the	equation:























Fish	meal	(FM) 300 200 — — 600
Soybean	meal	(SM) 300 400 600 600 —
Cod	liver	oil 50 50 50 50 50
Soybean	lecithin 50 50 50 50 50
Dextrin 100 100 100 100 100
Vitamin	and	mineral	mix1 40 40 40 40 40
Gluten 50 50 50 50 50
α	Cellulose 109.2 109.2 109.2 110 110
Phytase 0.8 0.8 0.8 — —
Proximate	composition	(%)
Protein 42.9 45.2 42.5 42.5 43.9
Lipid 9.3 8.9 8.7 8.8 9.0
Ash 10.1 9.8 9.8 9.3 10.1



























(Zar,	 1999),	 after	 arcsine	 transformation	 in	 the	 case	 of	 survival,	
expressed	 as	 percentage.	 Since	 all	 data	 were	 normal	 and	 ho-







The	 means	 of	 final	 body	 weight	 (FBW),	 weight	 gain	 (WG),	 spe-
cific	growth	rate	(SGR),	feed	conversion	efficiency	(FCE),	protein	
conversion	 efficiency	 (PCE)	 and	 feed	 intake	 (FI)	 of	 the	 juvenile	













in	 the	 juveniles	 fed	diets	Soy3	and	Soy4	 than	 those	determined	
for	the	rest	of	the	experimental	groups.	The	significantly	highest	












Treatments Soy1 Soy2 Soy3 Soy4 Control Comm
FBW	(g) 10.6	±	0.9ab 12.5	±	1.3a 9.4	±	0.8b 8.9	±	1.5b 13.9	±	1.8a 12.9	±	1.9a
WG1	(%) 157	±	21ab 203	±	24a 131	±	8b 116	±	35b 236	±	49a 216	±	49a
SGR2	(%	day-1) 1.7	±	0.2a 2.2	±	0.3b 1.7	±	0.1a 1.5	±	0.2a 2.4	±	0.2b 2.3	±	0.2b
FCE3 1.7	±	0.1a 1.5	±	0.1b 1.7	±	0.07a 1.7	±	0.06a 1.2	±	0.07c 1.2	±0.05c
PCE4 1.5	±	0.06a 1.7	±	0.04b 1.5	±	0.1a 1	5	±	0.04a 1.9	±	0.1	c 1.8	±	0.1c
FI	(g	fish-1	day-1) 2.2	±	0.1a 2.5	±	0.1a 1.8	±	0.1b 1.6	±	0.1b 2.4	±	0.1a 2.3	±	0.1a
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The	 N	 excretion	 of	 the	 fish	 fed	 with	 diets	 Soy2,	 Soy3	 and	




bean	 meal	 substitution,	 particularly	 with	 total	 fishmeal	 replace-





environmental	 friendly	 (Gatlin	 et al.,	 2007).	 Soybean	 meal	 has	
been	pointed	out	as	an	alternative	source	of	protein	for	aquafeeds	
(Hardy,	1996),	because	of	its	protein	content	and	reasonable	well-
balanced	 amino	 acid	 profile.	 However,	 its	 use	 at	 high	 levels	 of	
supplementation	 (greater	 than	 50%)	 has	 been	 discouraged	 due	
to	the	presence	of	some	anti-nutritional	compounds,	particularly	
the	content	of	phytic	acid.	This	compound	has	been	reported	to	
be	 indigestible	 and	 to	 cause	 negative	 effects	 on	 growth,	 feed	
conversion	 and	 macronutrient	 digestibility	 (Laining	 et al.,	 2010).	
Previous	reports	have	suggested	that	the	use	of	the	enzyme	phy-
tase	(Cheng	et al.,	2004;	Wang	et al.,	2009)	allows	to	improve	the	
digestibility	 of	 diets	 and	 thus,	 growth.	 The	 data	 obtained	 in	 the	
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ibility	 of	 the	 diet	 and	 particularly	 to	 that	 of	 the	 protein	 fraction.	
























Phosphorus	 plays	 an	 important	 role	 in	 fish,	 because	 it	 is	









phytic	 acid	 and	 P	 usually	 is	 excreted	 in	 the	 urine	 and/or	 feces	
(Coloso	et al.,	2003).	According	to	Bureau	&	Cho	(1999),	dissolved	
phosphorus	form	is	excreted	via	urine,	which	is	a	major	concern	
for	 aquaculture	 operations,	 as	 it	 can	 cause	 eutrophication	 of	
water	bodies	surrounding	 the	 farms.	The	addition	of	phytase	 (a	
phosphohydrolase	enzyme	that	catalyzes	the	sequential	release	
of	 inorganic	 orthophosphate	 from	 the	 phytic	 acid	 (Jorquera	 et 
al.,	2008))	was	suggested	(Wang	et al.,	2009)	to	improve	P	reten-
tion,	 and	 thus,	 decrease	 the	 excretion	 of	 dissolved	 phosphorus	
to	water,	as	it	was	observed	when	fish	were	fed	diets	with	high	
replacement	of	 fishmeal	by	soybean	meal.	Decreasing	 levels	of	
P	 excretion	 were	 observed	 as	 soybean	 meal	 increased	 in	 diet.	
Values	were	significantly	lower	than	those	observed	in	the	con-




P	excretion	and	 indicates	 that	enzyme	 is	working	on	 the	phytic	
acid	and	that	it	is	active,	even	after	feed	processing.	Similar	re-
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